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1 2
TOXIC MATERIAL DISFOSAL a carbohydrate. This process is conducted at elevated
temperatares, requiring the applicaticn of heating and cool-
FIELD OF THE INVENTION ing systems, fire prevention systems, power failare Fystems
a m-.-—— -—-ﬁx.-. The peesent fnvention relates to a process for the treat- s &mhﬂ“ﬂkﬁu nw”“nu#a-n jsﬂn
ment of toxic materials and relates more particulady, though i e 853& Enao. E&Eﬁn v nnan!ER
? -l_n_ not exclusively. 10 a process for the treatment of halogenated subject of posble failure, toaifun
gnggﬂzwggmg anyono of them may kead to a loss of th c integrity of the
system as 2 whale. In the event of a failure loading o a five,
(PCBs). dichlorodiphenyl trichlorocthane (DDT), there 4 al for W " tion o tozh
monochlarobenzens and chemical weapons such as Sarin e is potential for widespread dissemina
Go to Page: and mustard. 10 material into the nurousding environment.
Proceses involving the usc of baths of molten metal or
T __00 BACKGROUND TO THE INVENTION salt, plasmm arcs or other operating conditions departing

significantly from ambicat suffer from the common disad-
There is today increased public awareness and improved ge of requirlag complex systems to

scicutific onderstanding of the hazards o health and the  Y3DIR ret P! ensure
0.0. eavironment of many synthetically produced chemicals, ©° COBRmWIcat, maintenance of optimum opersting conditions,
insecticides, barbicides and ofher toxic materials. Of par- 0 prevention of emissions. Risk of failure teads to increase
ticular coneern due to their high toxicity and persistence ane as the sumber of overall system components and intercon-

.Sections: halogenated crgamic compounds such as PCBs, Diaxin, ﬁ%ﬁﬁﬁ .Sa,”wﬁs!-_ fx -M.E_E ﬂ

[ “ t v e = DDT, monochlorobeazene, dichlorophenol. . . erd increase departure

Front Fage pentachlorphenol, Dickdria, Aldrin, 2.4-D, 2,4,5-T. and other .EE#E.E&EEP._.M cry mnd .
ings compounds such 23 Parsquat. Diquat, Phorste, Bromicide, L commercial lability viewpoiat,
.o_ﬂi-.—.. ti carbamates and Atmzine. There is therefore 8 need for  the scooptability of any process far toxic waste disposal is
® Specifications effective methods of disposing of such toxic materials. The  Largely dependent on the risk of system faikue and the
@ Claims wide spread uso of PCBs as diclcctric fluid additives in ,, poleatial consequonces of such faikure. The high risk potea-
; transformers and other electrical equipmeat, du¢ to their * il of the proposed processcs referred 10 above limits their
@ Correction excellent iesulating propertics, present a particularly serious  3cceptabllity and thus limits their wlity.

dispossl probiam. Furhenmore, the perceived rsks associatsd with incin-

In some conntries stockpiles of chemical weapons, which aﬁgvﬂau«%Fmﬁgﬁ__&ng
include arganophosphorus neve agents and mustards, swait o, that any procoss resembling incineration in any way is Ksble
a suitable messs of disposal. This disposal is required under ~ 10 be fejected on the basis of its similarity rather than on a
the terms of the Chemical Weapons Convention of 1993, scientific assesament.

‘The disposal of such materials prescits a particularty severe Biological methods of disposal of toxic matesials do aot
jproblem, since accidental dispersal could result in enarmous suffer from most of the above-mentiched disadvantages, bat
loss of life. A disposal system with extremely low risk , such methods are not able to treat concentrated forms of

factors is required for this application. A deadline for ~ toxic materiabs directly.

weapon destuction of Dec. 31, 2004 has been set by the Toxic waste materials may not be well charactcrised and

Chemical Weapons Convention. may contaln mixtures of organic and imorganic masesisls,
Curreatly proposed methods of disposing of toxic mate-  and the toxic materisls may be contained in corroded drums

tials typically iuvoive bigh temperature incineration, bio- 4 or within elactrical compopents. It is desirable therefore that
chemical o chestical reatment. High temperatize incinera-  a process be capabls of disposing of a wide range of
tion sccks 1o deswroy toxic waste materials by converting Engigﬂahﬁ?-u&ns.ﬁﬁng
them to gaseous products. Any toxic gases, such as hydrogen  tht risks sssocisted with having a mumber of sepanate
chlogide, must thes be reroved frore the cffluent gas before handling stages. Many of the processes peoposed (o date arc

it is released to the stmosphere. ¥ operating conditions are 45 nﬁgomgnﬁogggs
not closely controlied, there s a possibility that toxic mate-  are mixed with inorganic matarials such as arsenic trioxide,
zals will be released into the emviroument clther through nor are they capable of acoopting the containers holding the
incomplete destraction of the crginal materials or thxough toxic wastes.

aeation of new materisls in the incinerator or through Hﬁﬂaﬂnu&.roggnoﬂ;n-&onﬁn&g&ﬂn
inefticient gas cleanlag. Cotirol systers are required to 50 mechanical activation can induce chemical reactions whdch

regulate the fuel addition, xir fow, tempesature, fiame, gas break dowp the molecular strocture of toxic materials and
composition, scrobbing liguar flow and so on. Back-up mﬁﬂgarﬁunuﬂnﬁuo-.ﬁusgﬁrﬁ
systems to deal with loss of elecmical power are also was previoasly not known 1o use mechamics] activation for
required. These systems corprisc a very iarge number of the destruction of toxic materials, por was it kpows that
individual components, both electrical and mechanical, and 35 compiex organic molecules could be completely destrayed
the fadlure of any oae of them may lead to the immediate loss by mechamicol activation.
of integrity of the systom as a whole. Failure of the system Mechanical activation javolves the use of mechanical
could lead to widespread dissernivation of toxic material caergy to increass the chemical reactivity of a system so as
into the surrousding eavironment. to induce mechamochemical resctions which involve
Chemical treatment resuks in chemical decomposition of 60 chasges in chemical composition at a consequence of the
the toxic materlals through the action of suitable reagent applicd mechanical energy. For examgple, one form of
mixtures. U.S. Pat. No. 5,064,526 to Rogers et al discloscs  mechanical activation is mechasical alloying by which
2 mathod for both the decomposition and removal of halo- gﬁgggiﬂéww%mﬁn
gensted and non-halogenatod arganic compounds contained constituents in a high eaergy ball mill. During milling the
in & contaminated medium by the use of an atkali or alkaline &5 cncgy impartad to the reactants through: ball/reactant col-
carth cxrbonate of bicarbonats: or hydroxide, 2 hydrogen :aonﬁﬂﬂﬂﬁnmﬁngnﬂnﬁnu_uﬁan.nﬁgnn
donor such as an ol and a catalytic form of carbon such as En?nunnono:n&owﬁﬁoﬁ&nﬁonmﬂgn-na

leofl 5/4/99 3:.03 PM
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3
high temperatures. Ancther form of mechanical activation,
described in Intermational Application No. PCI/AUBY/
00550, is concerned with a chemical reduction process
involving mechanically activated chemical reduction of
reducible mota] compounds for rmanufacturing ractals, alloys
ar ceramic materials,

The usc of mechanicsl activation to synthesise certain
types of chemical compounds, such as organometallic
compounds, is described In U.S. Pat. No. 2416717 by
Shaw. An example of te kind of reaction described by Shaw
i8 the so-calied Grignard type of reaction which Is used to
synthesise more complex organic compounds from simpler
compounds, When used to carry out & Grigeant type of
reaction, mechssical activation by comtinuously cutting
chips from a mstal used to make 2 Grignard type reagent
may improve the reactivity of the reagents and may be used
to control and regulatc fhe ratc at which the chemical
reaction proceeds. However it was oot appreciated that
mechanical activation could also be used to break down
complex organic compounds into simple inorganic sub-
stances,

Mechazochemical degradation of polyvinyl chioride
(PVC) during mechanical grindieg in & vibrational mill has
also been igvestigaied. PVC composites which contain
inorgasic fillers have beem sebjected to grinding to help
characterise the effect of the Aller on the siability of the PVC
compotite. The degree of polymerisation and dehydrochlo-
rination of the PYC was found to vary with the addition of
calciom compounds such as CaS0,2H,O, CaCO, and
CafOfl),. Aowever this research iato the affects of mechani.
cal grinding on a polymer powder (PVC) did not anticipase
or in any way cossider the use of mechanical activation for
the destruction of #oxic materials such as halogenated
organic compounds into sitmple inorganic compounds such
a3 carbon.

SUMMARY OF THE INVENTION

The present invention was devdoped with & view to
moviding aa effident and environmentally acceptable pro-
cess for the treatment of toxic materials,

According to the present invention there is provided a
mechanochemical process for the treamment of toxic
material, the process comprising:

sulsjecting a mixwure of fhe toxic poaterial and a suitable

reagent to mechanical activation to increase the chemi-
cal reactivity of the reactants such that a chemical
reaction occurs which produces & non-toxic end prod-
uct or prodacts.

Typically the toxic matcrial is a halogenated organic
compound, more typleally a chlarinsted hydrocarbon such
a5, for exsmple, &8 PCB. of DDT compound. The tuxic
material fay be & mixture of a toxic and a non-toxic
compound or matewials.

Any reageat which {s capsble of chemnically reacting with
the toxic material may be suitable. The reagent may be a
solid, liquid or gas, and two or more suitable reagents may
be used if desired. Suitsble reagents may include oxidising
agents such a3, for exampie, iron oxide, mangsoese dioxide
and oxygen. Altustively the reagest may be a reducing
agent such as, for exaple, aluminions metal, iron metal and
zine metal. Roductssts which ¢ithear break down the catire
melecule or react selectively to remove chiorine may be
used. Otber sultsbde resgests may also be employed to
dispose of particular toxic materials, for example, sodjum

x

a3

45

L

hydeoxide, grapbite, red mud, me or quicklime, water, &5

carbon dioxide, calcium oxide, copper oxide, aluminjimm
oxide apd magnesinm oxide,

4

The reagent may be one of several substances introdiced
into the mixtae to promote reactivity durisg mechanical
activation, and that may be activated or pretreated in some
other way to enbance the reaction rate,

In 2 preferred form of the inveption, mechanical activa-
tion is performed inside a mechanical mdll, for example, &
ball mill. Machanical activation occurs in a bal! mill when
giinding media, typically steel or ceramic balls, are kept in
1 state of contivuots relative motion with a feed matezial by
the application ¢f mechanical coergy, such that the enagy
impasted to the feed material during bali-feed-ball and
ball-feed-liner collisions is sufficient 10 cause mechamical
activation.

Throughout the remaipder of the specification reference
will be made to the process of the invention being caried oot
inside a eachanical mill Any of the commercially svailabie
mills of this typs may be suitable. Examples of this type of
mill are mitating nedlls, tower mills, planetary mills, vibra-
tory mills, attritor mills and gravity-dependent-type bail
mills. Closed cirenit recycling of the mill conteats between
the mill and an external vessel may be desitable. The mill
contents may Also be passed through a post-milling extrac.
tion faciiity if necessary.

It will be apprecisted that the mechanical activation may
also be achieved by agy suitable means other thag ball
milling, For example, mechanical activation may also be
achieved using jet mills, rod mills. rolier mills or crusher
mills. Throughout the specification. the term “mechanical
activation” includes any process which involves the ase of
mechanical encrgy to increase the chernicat reactivity of the
Teactants o as to idduce mechanochemical remctions. which
are chemical reactions that ocour as 4 conséquence of the
applicd mechanical caergy.

In arder to facilitate a better anderstanding of the iven-
ﬁnnprdmedenﬁo&mofmcp:omsmdunnpluof

chemical reactions according to the process will
now be described in detail, by way of sxampie only.

BRIEF DESCRIPTION OF ACCOMPANYING
DRAWINGS

FIG. 1ilisawrates graphically the fraction of DDE remain-
ing as a function of milling ime when processing DDE with
Ca0 in & bali mill;

FIG. 2 iliustrates graphically the fraction of arganochlo-
rincs remaining as a fusction of milling time when process-
ing DDT with quicklime in a ball mili;

FIG. 3 Hustrates graphically the fraction of arganochlo-
rincs remaiping as a fanction of milling tims When process-
ing DDT with CaQ in a bali mill;

FIGS. 4 and § illustrate graphicajly the fraction of orga-
nochicxines remaining as a function of milling time when
processing DDT with quicklime in a ball mill;

FIG. 6 illugtrates graphicalty the reduced milling time that
can be achieved using pre-mjlled CaO; and,

FIG. 7 iliustrates graphically the fraction of PCB remain-
ing when the PCB is added incrementally during miliing.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the process of the invention the toxic materials are
typically placed inside a mwchanical mill together with a
suitable reagent(s), and subjected to milling action. As a
consequence of mechapical activation associmed with
milling, collision events involving the reagents and the
grinding media occur which induce the wxic materials to

5/4/99 3:03 PM
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eater into reaction with the reagent mascrials 10 form non-  ball to reactant mass ratio was 5.9:1. At the conclnsion of the
toxic end products. Additionaily, it may be necessary to milling, the product was analysed uzing X-ray diffraction
overcome an activation encrgy barrier for the reaction to Eg.n-uggggﬁgu
poceed. In the process aceording to the Invention, the  48d gas chromstography slectron captare (GCEC) toch-
activation energy is typicalty supplied by the action of a ball 3 Ea&r?l&gnﬂslmBEBB-EuE&!
mill in providing mechasical activation. glgﬂﬁﬁ%%?.ﬁamﬁn.ﬁqem

The processing parsmeters depend on the natare of the  Showed that 99.9906% destruction of arganochlorines had

taxic materials treated and the mechamical activation  Ocnired during milling.

cmplayed. For flasteative purposet, the following param Water was added to the as-milled powder to dissolve the
aﬂ.?ggluﬁmlnv.%ﬂn&" 10 Waker soluble compounds. The resulting solution was dried

Collision Esergy: 0.0] to 100 Jouies

and the residue was identified as CuCl, by XRD. A chlogde
analysis of the residue indicated that all of the orgamic

Ball/Reactant Mass Rado: 2:1-50:1 chioride bhad been comverted to inoegagic chloride diziag
Milling Time: typleaily fess than 72 hours, mote typically  milling. The insoluble roaterial was scparated by filtering

iess than 24 hours. 15 Bn;gqﬁgﬂgﬂggg
Atmosphere: air or isert gas, for example, argon or and catbon. Hydrochloric acid was added to the insoluble
nitrogea plus any reactant gases. BI&ESE-BﬂEnﬂEEr«&BEPdKREn

In the process of ball milling the Liquid/sclid/gaseous insoluble: residue was fileered and dried. Pyrolysis gas chro-
reactants, incinding the toxic materials and sitable reagents, matograplyy showed that no organic compounds remained {n
coltide with each other and the grindisg media. At least onc the final residnc. XRD agatyis of the final residue showed

of the reactants should be a solid and fhe reactivity of the  only the presence of carbor

roactants increascs dec to the increase in reaction srea The caleium oxide reagent thus produced end products
resulting from the decrense in partice size of the solid phase  that are substantially imert. Calciom oxide is particularty
associsted with fracture events. A welding, mixing of atoms atiractive as areagent dus to its ready availability in the form
and/or exchange of molocales ocenrs at the intexfaces of 25 of quickiime aad its relatively low cost. Significantly, the
colliding particics to promote reactivity. i necessary, liquid nsc of e as & reagent far the destruction of wtic waste has
reactapts. such as toxic materials in biquid foom, may be Fpreviously been examined critically by some suthocitics in
adsorbed on particles of an activated material, such as, for the field who have concluded that it has po application to,
example, activatod clay, activated carbon, activated aluming nor potestial for, loxic waste disposal However, contrary to

or activated distomatious earth. Initislly such ivert materials 30 these findings, when msed in the process of the invention,
may be activated by a suitable surfactant or thermally Eiﬂﬁggnﬂuggsigw
activated. cffective a5 a reageat in the destruction of toxic materials, &s

During high intcasity ball milling, the: temperatare in the the above and following examples demonstrats.

mill may incresse duc to the beat geacrated by some
collision processes. The reactants may also be hested, pref-

5

crably in the range of ambient to 200* C., more preferably PCB (Aroclor 1254) (1.0 grams) and calcinm oxide (8.8
ambicat t¢ 100° C., to improve the chemical reactivity, grams) weze milied together with aine 10 mm herdeped stecl
However, e process according to the invontion is typically  balls in a hardened stecl vial for 12 hours nsing a SPEX
a relatively low-temperature process. Model 3000 mixer/mill. The total mass of the balls was; 73
The process of the ivention is applicabic to the dispoas] 4 grams and the ball to reactant mass ratio was 7.4:1. At the
of & wide range of toxic compouads including organic apd  conclusion of the milling the product was analysed using
inorganic compoumds, halogesaind arganic compounds such GCMS and GCEC technigues. The GCEC analysis showed
as CFCs, PCBs, DDT, dioxins, hexachloropheno!,  that 99.9995% of the PCH atarting material was destroyed

chlorobenzeacs, dichlorophenol, pentschlorophenol,  during milling,

Dieldrin, Aldrin, and other omganochblorinated pesticides 45
(OCPs) such as Chlordane and Heptachior. Other toxic
materials that may be disposed of by the method of the
invention inciude 24-D, 2,4,5-T, Paraquat, Diquat, Pharate,

DDT (1.5 grams) asd caicinm axide (10.9 Erams} were
miiled together with twelve 12 mm hardened stee] balls in a

Bromicide, carbasates, Atrazine, other herbicides and — Dardened seel vial for 24 hours using a Fritsch planctary
grﬁgégtgaﬁgg so Tl The total mass of the balls was 96 grams and the ball

{Tabum), VX and HD (mwstard). The oaly limitation on the

1o reactant mass ratio was 5.9:1. At the conciusion of the

s that there ive Gibb® millitg the product was analysed using GCMS and GORC
free oatrzy Counge mocci oy LRV GBS | niques. The OCHC acatynis oo greater than

reaction, however there may be exceptions to this. 99.99%% destruction of organochlorine,

The inventiox is fiwther described and fllastrated by the 55

foliowing examples. These cxampies are illustrative of & DT (1.0 grams) and caleiom oxide (7 grams) were
large oumber of candidate reactions and arc not fo be

poy o e 1 Jon 12 a0y wn milled together with onc hondred and sixty three 6 mm
nstrued 25 limiting the invention Y way. hardened stoed balks in an stiritor mill for 12 hours. The total

Loading of the hardenod steel vial and all subsequent

mass of the balls was 163 grams and the batl to reactant mass

bandling of reactants was catried out in a high purity argon g ratio was 20:1. At the coaclasion of the milling the product

filled glove box.

was analysed using GCMS and GCEC techniques. The

g.mm mnzmgagauo&gﬂﬂuﬁng

DDT (1.5 grams) and calciom oxide (10.9 grams) were
milled together with nine 10 mm hardened steel balls in a &5

pounds.

EEEEN&EE:EZ&ENQB meﬁobgu-g&ga&.—oau frams) were
mixer/mill. The tota] mass of the balls was 72 grams and the milled together with nine 10 mm bardened steel balls in

3/4/99 3:04 PM
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hardened steel vial for 12 hours usiog a2 SPEX Mode] 8000
‘mixer/mill. The total roass of the balls was 73 grams and the
ball 1o Teactant imass ratio was 17.4:). At varions times;
during milling ssmples were removed from the mill and
anatysed using GCMS and GCBC techniques. FIG. 1 shows
the fraction of DDE remaining as a function of the milling
time. The GCEC aalyzis showed that 99.9998% destuction
of the organochlorivs had cooured,

EXAMFLE 6

DDT (1.5 grams) and quricklinz [78% CaO] (13.5 grams)
weare milled together with mine 10 mm hardened stez] balis
in & hardencd steel vial for 24 hours using 2 SPEX Model
8000 mixes/mill. The total mass of the balls was 73 grams
and the ball to reactant mass ratic was 4.9:1. At varlous
times during milting smmpics were removed from the mil
and, anatysed using GCMS and GCEC techniques. FEGS. 2
shows the fractlon of acganochiarines remaining as a func-
tion of the milleg time. It is seen that DDE forms as a
break-dowa product of DDT. Complets destruction of the
DDT was fouad to ccamr afier § bours and DDE after 24
hours.

EXAMFLE 7

DDT (1.5 grams) and calcium okide (11 grams) were
milled together with nine 10 mm bardened stes! balls in a
hardemed stee] vial for 24 hours using a SPEX Model 800
mixer/mill. The tolal mass of the balls was 73 grams and the
ball to reactant massratio wag 5.9:1. At various times during
milling samples were ranoved from the mill apd anatyred
using GCMS and GCHC techaiques. FIG. 3 sbows the
fraction of ines remnining as & function of the
milling time. It is scen that DDE forms az a break-down
product of DDT. Compiste destruction of the DDT was
found to occur after 10 hours and DDE after 24 hours.

EXAMPLE B

DDT (1.5 gramy) and quickiime [78% Ca0] (13.4 grams)
were milled together with nlic 10 mm bardened steel balls
in & hardensd steel vial for 24 hours using 2 SPEX Model
800 mixer/mill. The total mass of the balls was 73 graros and
the ball to reactapt mass ratio was 4.9:1. The milling was
carried oyt with the reactamts exposed to an air atmosphere.
At varioys times doring milling ssmpies were removed from
the mill and analysed uxlag GCMS &nd GCEC techniques.
FIG. 4 shows the fraction of arganochlarines remaining as a
fuaction of the miiling tima It is seen that DDE forms a5 a
treak-<down product of DDT. The measurernents indicate
mnumnpimdummnnotmel)IJTwslﬁchhm
and DDE after approximately 20 hours.

EXAMPLE 9

DDT (1.5 grams,) and quicklime [78% Ca0)] (13.5 grams)
were milled together with seventy 6 i hardencd stee balls
in hardened steel vial for 24 hours using a SPEX Model 800
mixac/milt. The total mass of the balls was 73 grams and the
ball to reactant mass ratio was 4.9:1. At various times during
milling sampies were ramoved from the mill and analysed
using GCMS and GCBC techniques. FIG. 5 chows the
fraction of organochlorines remadeing as a fanction of the
milling time. It is seen that DDE forms as a break-down
product of DDT. Complete desttuction of the DDT was
found to occur after 6 hours and DDE after 18 hours,

EXAMPLE 10

Monochlorobenzene (1.1 grams) and calciom oxide (8.0
grams) were milled together with nine 10 mm hardened steet
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talls in a hardened steel vial for 36 hours using a SPEX
Model 8000 mixexfmill. The total mass of the dalls was 73
grams and the ball to reactant mass ratic was 8:1. At the
ronclusion of the milling, the product was analysed using
GCMS and GCBC techniques, The GCEC analysis showed
99.9993% destruction of arganochlorises.

EXAMPLE 11

Dichlorobenzene (1,02 grams) and ealcium oxide (7.0
grams) were milled together with nine 10 mun hardened steel
balls in a hardeped steel vial for 24 hours using & SPEX
Model 300 mixevhmill. The total mass of the balls was 73
grams and the ball to reactant mass catio was 9.1:1. At the
conclusion of the miiling, the product was analysed using
GCMS and GCEC techniques. The GCEC snalysis showed
99.9963% destruction of arganochlorines.

BXAMPLE 12

Hexachloroberzene (1.06 gramis) and calcium oxide (7.98
grams) were milled together with nine 10 mum hardened steel
balls in a hardeped steet vial for 12 hours using & SPEX
Mode] 8000 mixe'mill. The total mass of the balls was 73
grams and the ball to reactant mass ratio was §:1. At the
conclusion of the milling, the product was analysed osing
GCMS #nd GCEC techniques. The GCEC analysis showed
99.9994% destruction of arganochiorines.

EXAMPLE 13

Chiorpyrifos (CoH,,NO,Ci,PS) (1.01 grams) and cal-
cium oxide (7.08 grams) were milled together with teg 12
mm hardened steel balls in a hardened stecl vial for 24 hours
using a SPEX Model 8000 mixer/mill, The totaf mass of the
balls was 81 grams and the ball (o reactant macs ratic was
10:1. At the coociusion of the milling, the product was
anafysed using GCMS and GCBC techmiques. The GCEC
analysis showed greater than 99.9908% destruction of
crgagic compounds.

EXAMPLE 14

Atrazine (C,H N,Cl) (1.0 grams) and calcium oxide
(7.02 grams) were milled together with ten 12 ram hardened
stee] balls in a hardencd steel vial for 24 hours using a SPEX
Model 800¢) mixeo/mill. The total mass of the balls was 72
grams and the ball to reactant mass ratio was 10.1:1. At the
cosclysion of the milling, the product was analysed using
GCMS and GCEC techniqies. The GCEC analysis showed
greater than 99.99% destruction-of orgamics.

EXAMPLE 135

Fenitrothion (C,H,,NO,F) (0.95 grams) and caleizm
oxide (6.6 grams) were milled together with ten 12 rom
hardened steel balls in a bardeacd steel vial for 24 hours
using a SPEX Model 8000 mixer/miil. The total mass of the
balls was 81 grams and the ball to reactant mass matio was
10.7:1. At the conclusion of the milling, the product was;
asalysed nsing GCMS and GCEC tzchuiques. The GCBC
anslysis: showed 99.9996% destruction of organic com-
poinds.

EXAMFLE 16

Benzene (C Hy) (0.86 grams) and calciom oxide (7.0
graras) were milled together with nine 12 pam bardencd steel
balls in a bardened steel vial for 48 hours using 2 SPEX
Model 8000 mixer/mill. At the conclusion of the milling, the
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Now that prefemed embadiments of the investion have
been described in detail, it will b apparest to peraons skillsd
in the relovant arts that namerous. variations and modifica-
tions can be made withoot departing frosn the basic inves-
tive concepts. All such modiications and variatioss are
considered to be within the scope of the present inveation,
ﬂ:emdmd:llmhwmmm

description aad appended ciaims. Furthesmore, the preced-
ing exampies are provided to dlusrate embodiments
of the inveation and are not intended to the seope of the
procest of the investiob.

‘The claim defining the invention are as follows:

1. A mechanochemical process for the trestment of a
liquid or solid organic toxic matstial to form & non-toxic ¢nd
product, the process comprising:

a solidsolid or lquid-solid mixture of the

organic cotopound.
i - i::smdfi'm uy cooete
arganic 8 the group

ing of CPCs, , DDT, dioxins, hexachlorophenol,
chlorobcazenes, ﬂchlmﬂmml peatachlorophenol,
dieldsin, Aldvin, Chiardane and Hepiachior.

4, A process as clained in claim 1, wherein the organic
material is an organophosphorus

5. A process as claimed s claim 1, whnﬂnluhjecﬁnglhe
mixture to mechanical sctivation results in 2 mechapochemi-
cal reaction between the tokic materisl and the reagent and
whercin the roactants are selected so that there will be a
negative Gibb's free eaergy chamge associated with the
mechanochensical reaction between the toxic mawrial and
the reagent,
6. A process as claimed in claim 5, whexein the reagent 15
a reducing agest seiocted from the grovp consisting of
aluminitm metal, iron metal and zinc metal and mixeares
thereof,

10

20

0

16

7. A process as claimed in ciaim 5, wherein the reageot 13
an oxidizing agent selectsd from the proup consisting of iron
oxide, magganese djoxide and oxygen

8, Aptocess as claimed in claim 5, wherein the reagest is
selecied from the group coasisting of sodium hydromide,
graphite, red mod, tine, quicklime, water, eabon dioxide,
calciun oxide, copper oxide, aluminiurn oxide and magne-
tiom okide.

9. A process as claimed in claim 6, whereln the reagent is
aluminium metal

10. A proceas as claimed io claim 5, wherein the mechanl-
cal activation is performed inside a mechanical mill

11, A proceas as claimed in claim 10, wherein the
mechagical mill is & ball mill

12, A process as claimed in claim 7, whegein a particle
size of the reagent is reduced 50 as to iocreasc the reaction
surface area of the reagent prior to subjecting a mixuwe of
the toxtic raaterial and the reagent to roschanical sctivation

13. A process as claimed in caim 1, wherein after
mechanical activation of the toxic material and reageat o
form a chemical reaction mixture, portions of said chemical
resctios mixtire avo perindically removed and repiaced with
fresh reagent and more toxic material wherehy, the total
quantity of reagent required is substantialiy reduced.

14. A process as claimed in claim 1, wherein the toxic
material comprises a chemical wespon selected from the
group consisting of GB, GA, VX and HD.

18 Aprocess as claimed in claim 1, wherein the reactants
are subjected to heating to fisther increase the chemical
Teactivity,

16. A process as claimed in claim 15, wherein the reac-
tants ae heated to a tamperdture which is maintained in the
range of ambicnt to 200° C.

5/4/99 3:.06 PM
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 5,645,591

DATED : July 15, 1887
o

FI.I" TGX' INVENTOR(S) : Donecker et al,
? Help

It ia cortifind that error appears in the above-Identifivd patant and that said Letters Patent is beraby corrocted a3
shown belew:

Go to Page: In column 7, line 27: “800 should read ~8000--.

S
In column 7, line 41: “800 should read -8000--.

. . . . In column 7, line 55: “800G" should read --8§000--.

-Sections: In column 8, line 12: “800™ should read —8000—.

@ Front Page
® Drawings In column 9, line 65: “800” should read --8000—.

& Specifications
® Claims
®_Correction In column 12, line 6: delete “:” immediately afier the word “organic”.

In column 11, line 60: delete “-” immediately afier the word “chloride”.

In column 13, line 45: delete “.” immediately after the word “excess”.
In column 15, line 27, claim 3: “dieldrin” should read --Dieldrin--.

In column 16, line 17, claim 12: “7” afier the word “Claim” should read ~6--

Signed and Sealed this
Tenth Day of March, 1998
nes: 8««( lehman
BRUCE LEHMAN
Attesting Officer Commissioner of Pateris and Trademarks
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